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ABSTRACT 


The  Consumer  Product  Safety  Commission  (CPSC)  is  evaluating  pollutant  emissions  from 
kerosene  and  methane  heaters  using  a test  chamber.  Under  an  interagency  agreement  with  CPSC, 
the  Indoor  Air  Quality  and  Ventilation  Group  of  the  National  Institute  of  Standards  and  Technology 
(MST)  measured  the  air  exchange  rate  of  the  chamber  under  various  ventilation  system  operating 
conditions,  the  extent  of  air  mixing  within  the  chamber,  and  the  interior  volume  of  the  chamber. 
The  air  exchange  rate  of  the  chamber  was  determined  using  the  ttacer  gas  decay  method  with  sulfur 
hexafluoride  (SF^)  as  the  tracer  gas.  Carbon  dioxide  (CO2)  was  also  used  as  a tracer  gas  in  order 
to  verify  the  decay  rates  obtained  with  the  SF^  system;  however  CO2  could  not  be  used  during 
combustion  tests.  The  effect  of  pollutant  monitoring  systems  and  combustion  devices  on  air 
exchange  rates  was  also  examined.  Based  on  multi-point  concentration  measurements  during 
decays,  the  extent  of  mixing  within  the  chamber  appeared  to  be  adequate  to  employ  the  single-zone 
tracer  gas  decay  method.  The  interior  air  volume  of  the  chamber  was  determined  using  the 
constant  injection  tracer  gas  technique  and  yielded  a volume  veiy  close  to  the  volume  based  on  the 
physical  dimensions  of  the  chamber.  Recommendations  for  an  air  exchange  rate  measurement 
system  for  the  chamber  and  modifications  to  be  made  in  order  to  more  effectively  utilize  the  system 
are  made. 


KEY  WORDS:  air  exchange  rate,  chambers,  mixing,  tracer  gas  techniques,  ventilation 
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INTRODUCTION 


The  Consumer  Product  Safety  Commission  (CPSC)  combustion  test  chamber  was  designed 
to  be  a well-mixed  single-zone  facility  to  be  used  to  determine  the  emission  rate  of  pollutants 
produced  by  various  combustion  devices.  Two  important  parameters  in  the  determination  of  these 
pollutant  emission  rates  are  the  air  exchange  rate  during  the  combustion  process  and  the  interior  air 
volume  of  the  chamber.  The  tracer  gas  decay  method  is  well  suited  for  determining  air  exchange 
rates,  but  in  order  for  this  method  to  yield  accurate  results  the  tracer  gas  concentration  within  the 
chamber  must  be  uniform.  Thus,  the  first  part  of  this  project  was  to  determine  whether  or  not  this 
condition  existed;  and  if  so,  to  determine  the  air  exchange  rate  under  various  chamber  operating 
conditions  and  in  conjunction  with  the  CPSC's  combustion  device  characterization  tests.  Finally, 
the  constant  injection  tracer  gas  technique  was  used  to  determine  the  chamber  volume. 

The  test  chamber  is  a commercially  manufactured  controlled  environment  room  which  has 
been  modified  by  CPSC.  It  is  located  in  a one  story  building  at  the  CPSC  test  laboratory  located  in 
Gaithersburg,  Maryland.  The  inner  shell  of  the  chamber  is  constmcted  from  enamel  coated 
aluminum  and  is  approximately  3x4x2.75  m (10x13x9  ft).  A schematic  of  the  chamber  and  the 
main  components  of  the  ventilation  system  is  shown  in  Figure  1.  Air  is  drawn  in  from  the  room  in 
which  the  chamber  is  located  by  the  fan  of  a residential  window  unit  air  conditioner  located  on  the 
top  front  of  the  chamber.  The  air  is  then  ducted  into  an  air  conditioning  space  that  is  separated 
from  the  rest  of  the  chamber  by  a dividing  wall.  Air  then  enters  the  main  section  of  the  chamber 
through  an  air-transfer  grill  in  the  dividing  wall  and  is  exhausted  by  a small  centrifugal  fan  through 
a duct  system  to  a fume  hood  located  nearby  in  the  building.  Not  shown  in  the  diagram  are  four 
mixing  fans,  which  are  located  in  each  comer  of  the  room,  a set  of  three  large  curtain-like  water  to 
air  heat  exchangers  served  by  a constant  temperature  water  bath  that  are  used  to  maintain  the 
temperature  in  the  chamber,  and  a network  of  sampling  tubes. 
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MEASUREMENT  TECHNIQUES  AND  EQUIPMENT 


The  degree  of  uniformity  of  tracer  gas  concentration  within  the  chamber  was  determined  by 
performing  multi-point  concentration  measurements  during  tracer  gas  decay  tests  and  comparing 
the  concentrations  at  the  different  locations  throughout  the  chamber.  Having  established  tracer  gas 
uniformity,  air  exchange  rates  were  measured  using  the  tracer  gas  decay  technique  [1].  Both  sulfur 
hexafluoride  (SF5)  and  carbon  dioxide  (CO2)  were  utilized  as  tracer  gases.  During  heater  testing, 
CO2  could  not  be  used  due  to  the  fact  that  it  is  a product  of  combustion.  Utilizing  the  tracer  gas 
decay  technique,  the  chamber  air  exchange  rate  was  characterized  with  respect  to  the  supply  and 
exhaust  flow  rates  of  the  chamber  ventilation  system.  Finally  the  chamber  volume  was  measured 
using  an  integral  mass  balance  and  constant  injection  tracer  gas  technique  [2]. 

Uniformity  of  Tracer  Gas  Concentration 

Tests  were  performed  in  order  to  verify  the  uniformity  of  tracer  concentrations  within  the 
chamber.  These  tests  consisted  of  injecting  a small  volume  of  SF5  into  the  chamber  and  then 
monitoring  the  concentration  at  nine  locations  within  the  chamber  (points  1-9  in  Figure  1).  Each 
location  was  sampled  every  ten  minutes  and  the  concentration  data  for  each  location  was  fit  by  a 
curve  based  on  equation  1.  These  curves  were  then  used  to  predict  the  concentration  at  each 
location  at  selected  times.  For  each  time  the  mean  and  standard  deviation  of  the  predicted 
concentrations  were  calculated. 

Air  Exchange  Rate  Measurement 

The  tracer  decay  procedure  consisted  of  injecting  a small  volume  of  tracer  gas  into  the  supply 
air  stream,  allowing  enough  time  for  the  tracer  gas  to  come  to  a uniform  concentration  throughout 
the  chamber,  and  then  monitoring  the  decay  in  concentration  over  some  period  of  time.  If  the 
tracer  gas  concentration  is  uniform  and  the  air  exchange  rate  is  constant,  then  the  decay  of  tracer 
gas  concentration  is  governed  by  the  following  equation. 


C(t)  = CoC-It 


where: 


C(t)  = tracer  gas  concentration  at  time  t 
Cq  = tracer  gas  concentration  at  time  t = 0 
I = air  exchange  rate,  h’l 

t = time,  h 


(1) 


By  measuring  the  tracer  gas  concentration  several  times  during  the  decay  period,  the  air  exchange 
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rate,  I,  can  be  obtained  by  fitting  the  data  to  the  logarithmic  version  of  equation  1 using  linear 
regression  analysis.  The  air  exchange  rate  in  chamber  volumes  per  unit  time  is  given  by  the  slope 
of  the  regression  line.  In  the  case  of  SF5,  the  background  concentration  is  assumed  to  equal  0.  In 
the  case  of  CO2,  the  background  concentration  is  assumed  to  be  constant  and  is  simply  subtracted 
from  the  measured  chamber  concentrations  in  equation  1. 

The  tracer  gas  was  allowed  to  mix  for  approximately  ten  minutes  after  injection  into  the 
CPSC  test  chamber  before  the  start  of  the  air  exchange  rate  calculation  period.  Concentrations  in 
both  the  chamber  exhaust  and  background  were  then  monitored  alternately  every  two  minutes  over 
a period  of  approximately  one  hour.  SF5  concentrations  were  monitored  using  a gas 
chromatograph  equipped  with  an  electron  capture  detector  and  a microcomputer-based  data 
acquisition  system  that  automatically  controlled  the  sampling  sequence  and  recorded  the  data  onto  a 
floppy  disk.  The  CO2  system  was  also  automated  and  utilized  an  infrared  absorption  analyzer  to 
measure  the  CO2  concentrations.  Both  systems  are  connected  to  a set  of  sampling  pumps  which 
provides  continuous  streams  of  air  from  up  to  10  sample  locations.  This  system  is  shown 
schematically  in  Figure  2.  During  the  tracer  decay  tests  only  one  location  within  the  chamber  was 
sampled,  and  the  sample  stream  was  rerouted  back  into  the  test  chamber,  thus  eliminating  the  effect 
of  the  sample  pump  airflow  rate  on  the  air  exchange  rate  of  the  chamber. 


Chamber  Volume 

The  interior  volume  of  the  chamber  was  measured  using  a constant  injection  tracer  gas  and  an 
integral  mass  balance,  utilizing  CO2  as  the  tracer  gas.  The  results  were  compared  to  the  volume  of 
the  chamber  determined  from  the  physical  dimensions  of  the  chamber.  The  constant  injection 
procedure  employed  the  following  single-zone  mass  balance  equation,  in  volumetric  terms,  for  the 
chamber  as  a single  zone  control  volume. 

= qb(t)Cb(t)  - q{t)qt)  + F(t)  (2) 


where: 


V = interior  air  volume  of  the  chamber 

C(t)  = chamber  tracer  gas  concentration  at  time  t 

C^Ct)  = background  tracer  gas  concentration  at  time  t 

q(t)  = volume  flow  rate  of  air  out  of  the  chamber  at  time  t 

qb(t)  = volume  flow  rate  of  air  into  the  chamber  at  time  t 

F(t)  = volumetric  generation  rate  of  tracer  gas  within  the  chamber  at  time  t 


This  equation  indicates  that  at  any  instant  in  time  the  rate  of  accumulation  of  tracer  within  the  zone, 
VdC(t)/dt,  is  equal  to  the  volume  flow  rate  of  tracer  from  the  background  into  the  chamber, 

triinus  the  volume  flow  rate  of  tracer  out  of  the  chamber,  q(t)C(t),  plus  the  injection  rate 
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of  tracer  gas,  F(t),  into  the  chamber.  Application  of  the  constant  injection  technique  involved  the 
injection  of  CO2  into  the  chamber  at  a constant  flow  rate  and  monitoring  the  buildup  of  tracer  gas 
inside  the  chamber  as  well  as  the  response  in  the  supply  air  stream  to  the  chamber,  i.e.  the 
background  response.  During  the  constant  injection  and  buildup  of  CO2,  several  SF5  decay  tests 
were  also  conducted  to  determine  the  air  exchange  rate  of  the  chamber.  Supply  and  exhaust 
airflow  rates  were  monitored  along  with  the  chamber  pressure  in  order  to  verify  that  the  inlet  and 
outlet  flow  rates  were  constant.  Taking  the  inlet  and  outlet  flow  rates  to  be  equal  and  constant 
during  the  time  interval  considered,  and  taking  the  volume  flow  rate  q(t)  to  be  equal  to  IV,  where  I 
is  the  air  exchange  rate  and  V is  the  chamber  volume,  equation  2 can  be  integrated  in  order  to 
obtain  the  following  equation  which  was  then  solved  for  the  chamber  volume. 


VACi2  = IV 


[Cb(t)  - qt)]dt 


ft2 

+ F(t)dt 


(3) 


In  this  equation  AC  = C(t2)  - C(ti),  and  the  integral  of  F(t)  is  the  volume  of  tracer  gas  injected 
during  the  time  interval  being  considered.  The  Trapezoidal  Rule  of  numerical  integration  was  used 
to  determine  the  integral  involving  the  concentrations  from  the  tracer  gas  concentrations  measured 
during  the  injection  period. 
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RESULTS  AND  DISCUSSION 


Uniformity  of  Tracer  Gas  Concentration 

In  order  to  justify  the  use  of  tracer  gas  decay  methods  for  the  determination  of  air  exchange 
rates  in  the  chamber,  it  was  necessary  to  show  that  the  tracer  gas  concentration  was  uniform 
throughout  the  chamber  during  the  tests.  If  the  tracer  gas  concentration  was  not  uniform,  then  the 
chamber  could  not  be  considered  a single  zone  and  the  decay  rate  would  not  provide  an  accurate 
measure  of  the  air  exchange  rate.  Uniformity  of  tracer  gas  concentration  is  not  only  important  for 
the  decay  experiments  but  also  for  the  measurement  of  other  pollutants  in  the  chamber  as  well. 
However,  achieving  a uniform  SF5  concentration  after  a discrete  tracer  gas  injection  does  not 
necessarily  imply  that  a pollutant  with  a different  mode  of  generation  will  also  be  uniform.  A test 
was  also  performed  during  the  operation  of  a combustion  device  in  order  to  ascertain  the  device's 
effects  on  the  uniformity  of  tracer  gas  concentration  in  the  chamber. 

A set  of  three  tracer  gas  uniformity  tests  was  performed  and  the  data  are  plotted  in  Figure  3. 
The  first  and  third  tests  were  performed  without  a combustion  device  operating  in  the  chamber,  and 
the  second  test  was  performed  while  a methane  burner  was  operating  on  the  floor  in  the  center  of 
the  chamber.  When  these  decay  plots  are  considered  in  a qualitative  manner,  one  can  see  that  in 
each  test  the  concentrations  at  all  of  the  sample  points  generally  fell  on  the  same  decay  curve.  This 
in  itself  implies  a uniform  tracer  gas  concentration  within  the  chamber.  But,  in  order  to  determine  a 
quantitative  measure  of  uniformity,  the  concentrations  at  each  location  were  considered  at  the  same 
times. 

Due  to  the  nature  of  the  air  sampling  system,  it  was  not  possible  to  obtain  the  concentrations 
at  each  location  simultaneously.  Therefore,  the  concentrations  at  each  location  at  the  same  times 
were  determined  as  follows.  Linear  regressions  were  carried  out  for  each  location  over  the  period 
of  approximately  one  hour  for  each  of  the  three  tests  to  determine  the  parameters  I and  Cq  as  given 
in  equation  1.  Concentrations  were  then  calculated  from  these  curves  at  ten  minute  intervals  for 
each  location.  The  average  and  standard  deviation  of  the  concentrations  were  then  calculated  for 
each  desired  instant  in  time  (see  Table  1). 

Tracer  gas  concentrations  appeared  to  be  fairly  uniform  throughout  the  chamber.  Standard 
deviations  of  concenttations  ranged  from  5%  to  10%  of  the  average  concentration  for  each  instant. 
Individual  concenirations  were  generally  within  5%  of  the  average  concentration  for  each  time 
period.  The  concentrations  at  sample  location  1 were  consistently  about  15%  lower  than  the 
average  for  all  locations.  Location  3 in  the  first  test  and  location  5 in  the  second  test  were 
approximately  10%  lower  than  the  average.  Sample  location  1 was  located  just  in  front  of  the  air 
transfer  grill  between  the  conditioning  space  and  the  main  chamber,  therefore,  the  air  at  this  point 
was  being  continuously  diluted  by  the  fresh  air  supply,  which  would  explain  the  consistently  lower 
concentrations  at  this  point.  Standard  deviations  based  only  on  sample  locations  2 through  10 
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were  between  4.5%  and  7%  of  the  average  concentration  for  each  instant.  Sample  points  3 and  5 
were  also  located  fairly  close  to  the  supply  air  stream  and  between  the  dividing  wall  and  one  of  the 
curtain-like  heat  exchangers,  which  may  contribute  to  the  sometimes  lower  concentrations  at  these 
locations. 

The  combustion  device  had  no  detectable  effect  on  the  uniformity  of  tracer  gas  within  the 
chamber.  The  uniformity  of  tracer  gas  concentration  throughout  the  chamber  may  be  attributed  to 
the  constant  operation  of  the  mixing  fans.  Locations  3 and  5 should  be  avoided  as  representative 
sample  points  due  to  their  occasionally  lower  concentrations.  For  the  tracer  gas  decay 
measurements,  sample  point  2 was  selected  as  the  representative  location,  which  was  inside  the 
exhaust  duct  approximately  0.6m  (2  ft)  downstream  of  the  exhaust  fan. 

Air  Exchange  Rate  Measurements  and  Chamber  Characterization 

The  main  objectives  of  the  tracer  decay  testing  performed  by  NIST  was  to  determine  the  air 
exchange  rate  of  the  CPSC  combustion  test  chamber  under  various  ventilation  system  operating 
conditions,  to  determine  the  correlation  between  the  air  exchange  rate  and  the  chamber 
configuration,  to  insure  that  the  tracer  decay  measurement  can  determine  the  air  exchange  rate 
independent  of  temperature  effects  and  the  presence  other  gases  given  off  by  various  combustion 
devices,  and  to  determine  the  hardware  and  software  necessary  to  incorporate  a tracer  gas  decay 
measurement  system  into  the  CPSC  chamber  system.  A series  of  about  thirty  tests  was  performed, 
and  the  results  are  shown  in  Table  2 along  with  the  chamber  configuration  during  each  test. 

Air  exchange  rates  are  accurate  to  within  ±6%  of  the  values  given  in  Table  2 for  the  SF^ 
system  and  ±3%  for  the  CO2  system.  In  twelve  of  the  tests  SF^  and  CO2  decay  rates  were 
measured  simultaneously.  The  percent  difference  between  the  pairs  of  decay  rates  ranged  from 
about  1%  to  17%,  but  were  generally  within  ±0.1  h~^  of  each  other.  Chamber  configuration  is 
given  by  the  ventilation  flow  settings,  i.e.  the  supply  and  exhaust  air  velocities,  the  CPSC  sample 
pump  volume  flow  rates,  and  the  pressure  difference  between  the  inside  and  outside  of  the 
chamber.  All  mixing  fans  were  operating  during  every  test. 

The  range  of  air  exchange  rates  for  the  given  set  of  chamber  configurations  based  on  both 
tracer  decay  systems  was  from  1.2  to  2.3  h“^.  This  includes  two  tests,  1 and  2,  which  were 
performed  before  the  chamber  was  operated  at  a negative  pressure  relative  to  the  background 
environment  (see  Recommendations  Section).  Once  a negative  pressure  of  the  chamber  relative  to 
the  background  was  established,  the  supply  air  flow  velocity  was  set  at  approximately  0.3  m/s  (60 
fpm)  for  the  remainder  of  the  tests  and  the  air  exchange  rate  was  adjusted  by  varying  the  exhaust 
flow  and  turning  on  or  off  the  CPSC  sample  pump  system  as  indicated  in  Table  2.  It  should  also 
be  noted  that  during  tests  16-18  there  were  nine  NIST  tracer  decay  system  sample  pumps  drawing 
air  out  of  the  chamber  from  nine  different  locations  at  a combined  airflow  rate  equivalent  to 
approximately  0.3  h"i.  To  determine  the  relationship  between  the  chamber  configuration  and  air 
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exchange  rate,  a plot  of  air  exchange  rate  versus  exhaust  flow  rate  is  given  in  Figure  4 for  tests  3 
through  10.  There  are  two  different  data  sets  plotted  on  this  graph;  one  shows  the  relationship 
while  the  CPSC's  sample  pumps  were  on  and  the  other  when  they  were  off.  Use  of  the  CPSC's 
sample  pumps  tended  to  increase  the  air  exchange  rate  by  0.1  to  0.3  h*l  based  on  the  comparisons 
between  tests  3 and  4,  7 and  8,  and  9 and  10.  Based  on  a sample  pump  flow  rate  of  0.0015  m^/s 
(3.18  cfm)  and  an  approximate  chamber  volume  of  24  m^,  the  increase  in  air  exchange  rate  due  to 
the  pumps  should  have  been  approximately  0.2  h'l.  Using  this  plot  as  a means  for  determining  the 
chamber  air  exchange  rate  from  the  exhaust  velocity  may  be  a somewhat  crude  technique  due  to 
inaccuracies  associated  with  the  hot  wire  anemometer.  One  approach  to  obtaining  an  accurate 
measure  of  the  air  exchange  rate  based  on  air  flow  measurement  is  to  negatively  pressurize  the 
chamber  relative  to  the  background,  and  make  a direct  and  accurate  measurement  of  the  volume 
flow  rate  of  air  out  of  the  chamber. 

With  regards  to  the  ability  of  the  two  tracer  decay  systems  to  be  utihzed  during  combustion, 
only  the  SF^  system  is  applicable.  This  is  due  to  the  high  emission  rate  of  CO2  by  the  combustion 
process.  If  the  decay  rate  was  the  same  for  a given  chamber  configuration,  independent  of  whether 
or  not  combustion  was  occurring  in  the  chamber,  it  would  be  possible  to  use  the  CO2  system  to 
obtain  the  air  exchange  rate  at  the  tail  end  of  the  combustion  process  based  on  the  decay  of  the  CO2 
produced  by  combustion.  However,  this  did  not  appear  to  be  the  case  as  indicated  by  tests  13-15 
and  16-18.  These  two  data  sets  each  consisted  of  three  consecutive  decays;  one  decay  during 
combustion  and  non-combustion  decays  before  and  after.  In  both  cases  the  decay  rate  during  the 
combustion  test  was  higher  than  those  without  combustion  by  at  least  0.15  h~^.  This  increase  in 
air  exchange  rate  could  have  been  due  either  to  the  thermal  decomposition  of  SF^  in  the  flame,  or  to 
the  raising  the  air  temperature  inside  the  chamber  by  the  methane  burner  causing  a temperature 
induced  pressure  difference  across  the  chamber  envelope.  It  is  somewhat  doubtful  that  the  former 
would  be  the  case  as  indicated  by  the  results  of  the  mixing  test.  In  other  words,  if  a significant 
amount  of  SF^  were  being  depleted  it  would  probably  show  up  as  a sink  in  the  region  of  sample 
location  8. 

Chamber  Volume 

In  order  for  CPSC  to  perform  the  necessary  calculations  regarding  combustion  pollutant 
emissions  it  was  necessary  to  determine  the  internal  air  volume  of  the  chamber.  The  volume  was 
calculated  using  the  constant  injection  tracer  gas  technique  and  solving  an  integral  mass  balance 
equation  in  volumetric  terms.  The  calculated  volume  was  then  compared  to  the  actual  volume 
based  on  the  inside  dimensions  of  the  chamber  and  the  items  contained  within  it. 

Physical  measurements  of  the  chamber  yielded  a volume  of  approximately  24.2  m^  for  the 
main  section  of  the  chamber  and  approximately  2 m^  for  the  conditioning  space.  Based  on 
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physical  measurements  and  approximations,  the  volume  of  the  other  items  in  the  chamber  was 
determined  to  be  a very  small  percentage  of  the  entire  volume  (approximately  0.5%),  which  was 
within  the  error  of  measurement  itself  and  considered  to  be  negligible. 

The  volume  obtained  using  the  constant  injection  technique  was  approximately  23.7  m^ 

(+/-  7%).  This  value  is  in  very  good  agreement  with  the  volume  of  the  main  section  of  the 
chamber  as  obtained  from  the  physical  dimensions.  The  relationship  between  the  conditioning 
space  and  the  main  section  of  the  chamber  was  not  clear  prior  to  these  tests.  It  is  now  believed  that 
the  conditioning  space  is  simply  an  extension  of  the  supply  air  duct  system  and  should  not  be 
considered  a part  of  the  control  volume. 
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RECOMMENDATIONS 


The  following  recommendations  are  based  on  the  results  of  the  aforementioned  tracer  gas 
decay  tests  along  with  the  previous  experience  obtained  in  the  use  of  air  exchange  rate  and 
pollutant  monitoring  systems  in  large  scale  test  chambers  by  the  Indoor  Air  Quality  Group  at 
NIST.  Some  of  recommendations  may  require  additional  investigation  regarding  their 
significance,  and  others  have  already  been  implemented. 

Air  Exchange  Rate  Measurement  System 

In  order  for  a tracer  gas  decay  system  to  be  incorporated  with  the  CPSC  combustion  chamber 
system  it  should  fulfill  the  following  basic  criteria:  it  should  be  able  to  determine  the  air  exchange 
rate  accurately,  it  should  not  affect  or  be  affected  by  the  CPSC  pollutant  monitoring  system,  and  it 
should  be  able  to  determine  the  air  exchange  rate  while  various  combustion  devices  are  being 
operated  inside  the  test  chamber.  Based  on  the  tests  which  were  performed  by  NIST,  the  SF^- 
based  system  used  in  these  tests  can  fulfill  all  of  these  requirements.  While  the  C02-based  system 
performed  well  in  the  absence  of  combustion,  it  can  not  be  used  during  the  combustion  process. 

While  a tracer  gas  decay  system  is  a very  efficient  and  effective  means  of  determining  the  air 
exchange  rate  of  the  chamber,  it  is  not  the  only  means.  Given  the  chamber  volume,  accurate 
measurements  of  the  net  flow  rate  supplied  by  the  mechanical  ventilation  system  would  also 
suffice.  However,  some  changes  would  have  to  be  made  in  the  current  mechanical  ventilation 
system  airflow  monitoring  system  in  order  to  accurately  and  reliably  apply  this  technique.  Reliable 
and  accurate  volume  flow  monitoring  devices  should  be  properly  located  in  the  intake  and  supply 
ducts  of  the  chambers.  This  involves  providing  the  proper  length  of  straight  duct  both  upstream 
and  downstream  of  the  measurement  points.  Ideally,  the  chamber  envelope  would  be  airtight,  but 
this  is  generally  not  feasible.  A more  practical  approach  would  be  to  keep  the  inside  of  the 
chamber  at  a negative  pressure  relative  to  the  outside  of  the  chamber  (i.e.  the  background),  which 
would  ensure  that  all  the  air  leaving  the  chamber  will  exit  through  the  chamber  exhaust  system,  and 
measure  the  exhaust  airflow  rate. 

It  is  recommended  that  the  SF5  tracer  gas  decay  system  be  incorporated  into  the  CPSC 
combustion  chamber  system  as  the  most  practical  means  of  determining  the  air  exchange  rate 
including  times  when  the  combustion  devices  are  being  used.  The  tracer  gas  decay  method  is  a 
well  developed  means  of  determining  air  exchange  rate.  No  change  in  the  system  used  by  NIST 
would  be  required  for  the  incorporation  of  this  system  into  the  CPSC  system.  However,  a few 
minor  modifications  could  be  made  at  the  discretion  of  CPSC,  such  as,  replacing  the  sample 
pumps  which  are  currently  used  with  pumps  having  a lower  volume  flow  rate  and  customizing  the 
data  acquisition  and  control  software  for  the  application  of  automated  tracer  gas  injection  and  decay 
rate  monitoring  to  this  specific  test  procedure. 
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Chamber  Design  and  Test  Procedure  Modifications 

Some  general  modifications  in  chamber  design  were  suggested  in  order  to  make  the  chamber 
more  suitable  as  a pollutant  emissions  test  chamber.  A list  of  suggested  design  modifications 
follows  along  with  an  explanation  for  each  modification.  Those  with  an  asterik  (*)  have  already 
been  implemented. 

1. *  Negatively  pressurize  the  chamber  relative  to  the  background,  thus  ensuring  that  all  air 

leaving  the  chamber  does  so  via  the  exhaust  air  system.  This  is  necessary  especially  with 
the  background  air  serving  as  the  chamber  supply  air.  This  background  air  would 
become  contaminated  by  pollutants  or  tracer  gas  from  the  chamber  if  the  were  positively 
pressurized  relative  to  the  background.  A background  with  elevated  levels  of  pollutants 
could  complicate  measurements  in  two  ways:  exposure  of  measurement  devices  to 
elevated  levels  can  cause  erroneous  readings  by  some  instruments,  and  reentrainment  of 
exhausted  pollutants  into  the  test  chamber  could  complicate  the  application  of  mass 
balance  models. 

2.  Eliminate  the  conditioning  space  by  removing  the  separating  wall.  The  space 
conditioning  duct  may  be  acting  as  a separate  zone.  Once  this  step  has  been  taken,  the 
mixing  test  and  the  constant  tracer  gas  injection  test  to  determine  the  chamber  volume 
should  be  repeated. 

3 . Eliminate  or  restrict  activities  in  the  background  zone  which  tend  to  interfere  with  the  tests 
being  performed  in  the  chamber,  or  isolate  the  chamber  background  from  outside 
interference.  During  the  measurement  of  CO2,  the  presence  of  people  in  the  background 
zone  will  increase  the  background  levels  of  CO2  thereby  introducing  a source  of  CO2 
other  than  the  products  of  combustion  or  tracer  gas  and  possibly  invalidating  the  mass 
balance  equations  used  for  analysis. 

4. *  Replace  or  cover  CPSC  sample  tubing  with  a material  which  is  known  not  to  interfere 

with  the  pollutants  being  tested  for.  Some  tubing  materials  can  react  with,  absorb  and/or 
desorb,  or  even  emit  certain  chemicals.  CPSC  either  wrapped  its  sample  tubing  with 
aluminum  tape  or  encased  it  inside  aluminum  conduits. 

5 . Incorporate  an  air  sampling  system  into  the  pollutant  monitoring  system  which  would 
enable  the  continuous  sampling  of  the  chamber  and  background  concentrations  instead  of 
relying  on  background  readings  taken  before  and  after  test  runs.  Readings  taken  before 
and  after  the  test  run  give  no  indication  of  background  levels  during  the  tests,  when  it  is 
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most  important. 


6.  Install  a supply  fan  which  runs  independently  of  the  supply  air  conditioning  load,  or  omit 
the  supply  fan  altogether  and  use  only  an  exhaust  fan  as  a means  of  forced  ventilation. 
This  would  help  to  guarantee  a negatively  pressurized  chamber  relative  to  the  background 
and  a constant  ventilation  rate.  The  current  supply  fan  is  that  of  a residential  window  unit 
air  conditioner  and  appears  to  vary  based  on  the  cooling  load. 

7 . Control  temperature  using  conventional  methods  (e.g.  heat  pump)  as  opposed  to  the 
curtain-like  heat  exchangers  which  could  obstruct  the  flow  of  air  within  the  chamber. 


11 


REFERENCES 


[1]  ASTM,  1983,  "Standard  Test  Method  for  Determining  Air  Leakage  Rate  by  Tracer  Dilution," 
E741,  American  Society  for  Testing  and  Materials,  Philadelphia,  PA. 

[2]  Axley,  J.,  A.K.  Persily,  1988,  "Integral  Mass  Balances  and  Pulse  Injection  Tracer 
Techniques,"  NISTIR  88-3855,  National  Institute  of  Standards  and  Technology,  Gaithersburg, 
MD. 


ACKNOWLEDGEMENTS 

I would  like  to  thank  A1  Martin,  Larry  Mulligan  and  the  lAQ  staff  of  the  Consumer  Product  Safety 
Commission  for  their  continuous  efforts  in  making  the  performance  of  these  experiments  proceed 
as  smoothly  as  possible.  I would  also  like  to  thaiSc  Andy  Persily  and  Richard  Grot  of  NIST  for 
their  invaluable  counsel  and  support  on  all  aspects  of  this  project. 


12 


BACKGROUND 


13 


r’igiire  1:  Scliemalic  ol'CPSC  Conilnislion  Test  Cliainber 


Ten  Air  Sample 
Tubes  from 
Test  Chamber 


A 

ir 

Samolina 

■ ■ ■ -j-  = 

Pun 

ips 

Analyzer 

1 

CO2  Data 

SFg  Data 

Aquisition  and 

Aquisition  and 

Control  System 

Control  System 

CO2  Analyzer 


Figure  2:  Schematic  of  SF^  and  CO2  Measurement  Systems 


14 


o 

o 

66 


JJ 

t: 

c 

& 

§ o 

c/3 

-w 

V3 

3 

3 

i) 

-X 

oo 

O g 

X 

X 

o 

ed 

rf 

>^-2 

W 

« 

CO 

C\ 

<u 

■ 

□ 

♦ 

O 

< 

L. 


□ 


O 


□ 


□ 

□ 

□ 

□ 


□ 


□ 

□ 


□ 


□ 


□ 


3 

X) 


3 ^ 

V 


*sa 


453 

.V 


□ 


□ 

□ 

□ 


□ 


□ 


□ 


□< 


X 


04 


(UOU^XlUQOUOQ^jS)  ^1 


15 


Figure  3:  Plot  of  Mixing  Test  Decays 
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Figure  4:  Air  Exchange  Rate  vs.  Exhaust  Velocity 
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constant  injection  tracer  gas  technique  and  yielded  a volume  very  close  to  the  volume  based  on  the 
physical  dimensions  of  the  chamber.  Recommendations  for  an  air  exchange  rate  measurement 
system  for  the  chamber  and  modifications  to  be  made  in  order  to  more  effectively  utilize  the  system 
are  made. 
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